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Abstract 

Wc study the structure of electromagnetic field of slowly 
rotating magnetized star in a Randall-Sundrum II type 
braneworld. The star is modeled as a sphere consisting 
of perfect highly magnetized fluid with infinite conduc- 
tivity and frozen-in dipolar magnetic field. Maxwell's 
equations for the external magnetic field of the star 
in the braneworld are analytically solved in approxi- 
mation of small distance from the surface of the star. 
We have also found numerical solution for the electric 
field outside the rotating magnetized neutron star in 
the braneworld in dependence on brane tension. The 
influence of brane tension on the electromagnetic en- 
ergy losses of the rotating magnetized star is under- 
lined. Obtained "brane" corrections are shown to be 
relevant and have non-negligible values. In compar- 
ison with astrophysical observations on pulsars spin- 
down data they may provide an evidence for the brane 
tension and, thus, serve as a test for the braneworld 
model of the Universe. 



1 Introduction 

The study of magnetic and electric fields around the 
compact objects is an important task for several rea- 
sons. First is that we obtain information about such 
stars through their observable characteristics, which are 
closely connected with electromagnetic fields inside and 
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outside the stars. Magnetic fields play an important 
role in the life history of majority astrophysical objects 
especially of compact relativistic stars which posses sur- 
face magnetic fields of lO^^G and ^ in the ex- 
ceptional cases for magnetars. The strength of com- 
pact star's magnetic field is one of the main quantities 
determining their observability, for example as pulsars 
through magneto-dipolar radiation. Electric field sur- 
rounding the star determines energy losses from the star 
and therefore may be related with such observable pa- 
rameters as period of pulsar and it's time derivation. 
The second reason is that we may test various theo- 
ries of gravitation through the study of compact ob- 
jects for which general relativity effects are especially 
strong. Considering different metrics of space-time one 
may investigate the effect of the different phenomena 
on evolution and behavior of stellar interior and exte- 
rior magnetic fields. Then these models can be checked 
through comparison of theoretical results with observa- 
tional data. The third reason may be seen in infiuence 
of stellar magnetic and electric field on different phys- 
ical phenomena around the star, such as gravitational 
lensing and motion of test particles. 

In the Newtonian framework the exterior electro- 
magnetic fields of magnetized and rota t ing sp here are 
given in the classical paper of IPeutschl ( 19551 ) and in- 



terior fields are stud ied by many authors, f or exam- 
ple, in the paper of iRuffini fc Trevej (|l973[) . In the 



general-relativistic approach the study of the magnetic 
field structure outside magnetized compact gravita- 
ti onal objects has been i n itiate d by the pioneering work 



extended by number of authors (Anderson & CohenI 


( 1970l). Petterson ( 1974). Wasserman & Shaoiro ( 1983^.1 


Muslimov & Hardins 


(1997).lMuslimov & Tsveani (,1992).! 


Rezzolla et.al.1 (2001c 


). Rezzolla et.al.l (2001bl). 


Koiima et.al.| 


(2004)). while in some Dauers (Quota et.al. 


(1998). 


Prasanna & Quota ( 


1997). QeoDert et.al. (2000l). Paee et.al.| 
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(|2000f ). IZanotti k RezzoUal |2002l) ) the work has been 
completed by considering magnetic fields interior rel- 
ativistic star for the diiTerent models of stellar mat- 
ter. Gencral-rclativistic treatment for the structure of 
external and internal stellar magnetic fields including 
numerical results has shown that the magnetic field is 
amplified by the monopolar part of gravitational field 
depending on the compactness of the relativistic star. 

We are interested in study of stellar electric and mag- 
netic fields in frames of recently popul ar model of the 



interferometer have been studied in the recent paper of 
Mamadianov et.al. ( 2010t) . The influence of the tidal 



charge onto profiled spectral lines generated by radi- 
ating tori orbiting in the vicinity of a rotating black 
hole h as been studied in the paper of ISchee fc Stuchlik 
( 20091) . Authors showed that with lowering the negative 
tidal charge of the black hole, the profiled line becomes 
flatter and wider, keeping their standard character with 
flux stronger at the blue edge of the profiled line. The 



role of the tidal charge in the orbital resonance model 

braneworld first proposed in the work of Randall fc Sundrum^ quasiperiodic oscillations in bl ack hole systems has 
( 19991 ). According to this model our four-dimensional been i nvestigated in the paper of IStuchhk fc Kotrloval 
space-time is just a slice of five-dimensional bulk and 
only gravity is the force which can freely propagate be- 
tween our space-time and bulk while other fields are 
confined to four-dimensional Universe. The review of 
braneworld models is given in the work of Maarten^ 
( 2004 ) and some cosmological and astrophysical im- 



works MaartensI (2000l). CamDOS & SoDuerta ( 


2001 


), 
), 


Landois (2001). Harko & Mak (2003). Gereelv ( 


2006 


Kovacs & Gereelv (20081). Majumdar & Mukheri 


ee|( 


200.^ 



For astrophysical interests, static and spherically sym- 
metric exterior vacuum solutio ns of the braneworld 
models were initially proposed bv lDadhich et.al. I (I2OOOI) 
which have the mathematical form of the Reissner- 
NordstrOm solution, in which a tidal Weyl parameter 
Q* plays the role of the electric charge squared of the 
general relativistic solution. It should be noted that be- 
sides this solution was pioneering and there are many 
different vacuum braneworld solutions at the moment, 
this solution still stays interesting and actual and, for 
example, was r ecently applied to the solar system tests 
in the paper of Bohmer et.al. ( 2010l) . 

Observational possibilities of testing the braneworld 
black hole models at an astrophysical scale have been 
intensively discussed in the literature during the last 
several years, for example, through the gravitational 
lensing, the motion of test particles, and the classi- 
cal tests of general relativity (perihelion precession, 
deflection of light, and the rada r echo delay) in the 
Solar S ystem (see iBohrner et.al. I diooi) ). In the pa- 
per of Pun et.al. ( 20081 ) the energv flux, the emis- 
sion spectrum, and accretion efiiciency from the accre- 
tion disks around several classes of static and rotating 
braneworld black holes have been obtained. The com- 
plete set of analytical solutions of the geodesic equa- 
tion of massive test particles in higher dimensional 
spacetimes which can be applied to braneworld mod- 



( 20091) . The influence of the tidal charge parameter 
of the braneworld models on some optical phenomena 
in rotating black hole spacetimes has been exte nsively 
studied in the paper of ISchee fc Stuchhkl (l2009l) . 

A braneworld corrections to the charged rotating 
black holes and to the perturbations in the electromag- 
netic potential aro und black holes are stud i ed, fo r ex- 
ample, in works of lAliev fc Giimriikciioglul (|2005() and 
lAbduiabbarov fc Ahmedoy (I2OI0I) . Our preceding pa- 
|)er, lAhmedov fc FattovevI (|2008l ). was devoted to the 
stellar magnetic field configurations of relativistic stars 
in dependence on br ane tension. The present pa per 
extends the paper of lAhmedov fc Fattovev |2008[) to 
the case of rotating relativistic star. In our paper we 
will consider rotating spherically symmetric star in the 
braneworld endowed with strong magnetic fields. We 
assume that the star has dipolar magnetic field and the 
field energy is not strong enough to affect the spacetime 
geometry, so we consider the effects of the gravitational 
field of the star in the braneworld on the magnetic and 
electric field structure without feedback. The motion of 
test particles near black holes immersed in an asymp- 
totically uniform magnetic field and some gravity sur- 
rounding structure, which provides the mag netic field 



has be en intensively studied in the paper of iKonoplva 



els is provided in the recent paper of iHackmann et.al 



( 20081 ). The relativistic quantum interference effects in 
the spacetime of slowly rotating object in braneworld 
and phase shift effect of interfering particle in neutron 



( 20061) . The author has calculated the binding energy 
for spinning particles on circular orbits. The bound 
states of the massive scalar field around a rotating black 
hole immersed in the asymptotically uniform magneti c 
field are considered in the paper of iKonoplval (|2007l ). 
The uniform magnetic field in the background of a five 
dimensional black hole has been ex tensively studied in 
the work of lAliev fc Frolovl (|2004l) . In particular, au- 
thors presented exact expressions for two forms of an 
electromagnetic tensor and the electrostatic potential 
difference between the event horizon of a five dimen- 
sional black hole and the infinity. 

The paper is organized as follows. In section [2] we 
present a set of Maxwell's equations in the space-time of 
spherically symmetric rotating relativistic compact star 
in the braneworld. Section [3] is devoted for solutions of 
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Maxwell's equations. In subsection 13. II we consider the 
solution for "toy model" - monopolar structure of mag- 
netic field of the star. This solution is not realistic but 
it can be used to obtain first estimates of the influence 
of brane tension on the electromagnetic field of the star. 
In subsection 13.21 we are looking for analytical solution 
of the Maxwell's equations for the exterior magnetic 
field of the star. We obtain approximate solution of 
the differential equation for magnetic field in the near 
vicinity of the surface of the star. In subsection 13 . 31 we 
get the differential equation for the electric field outside 
the star and solve them numerically. We show that both 
magnetic and electric fields will be essentially modified 
by five-dimensional gravity effects. In subsection l3.4l we 
investigate the astrophysical application of obtained re- 
sult, namely, calculate energy losses from the slowly ro- 
tating magnetized neutron star in the braneworld. The 
last section is devoted to the conclusions of the research 
done. 

Throughout, we use a space-like signature (—,+,+,+)! 
and a system of units in which G = I = c. Greek in- 
dices are taken to run from to 3 and Latin indices 
from 1 to 3; covariant derivatives are denoted with a 
semi-colon and partial derivatives with a comma. 



2 Maxwell Equations In a Spacetime of Slow^ly 
Rotating Spherical Star in the Braneworld 

The metric for the space-time around rotating compact 
object in the br aneworld rnay be written in coordinates 
u, r, 9, If as (see lPun et.al.l (|2008t )) 



small and assuming parameter a to be small one and 
assuming parameter a to be small one can obtain the 
exterior metric for slowly rotating neutron star in the 
braneworld in the following form 



where 



-A^dt^ + H'^dr'^ + r'^de^ + sin^ edcj)^ 



~2Ld{r)r'^ sin^ Odtdc/) , 



(2) 



I 



2M Q* 



H-^{r), r>R, (3) 



is the Reissner-Nordstrom-type exact solution for the 
metric outside the star, uj{r) = a;(l — Q* /2rM), uj = 
2Ma/r^ is the angular velocity of the dragging of iner- 
tial frames. 

The general form of the first pair of general relativis- 
tic Maxwell equations is given by 



(4) 



where Fai3 is the electromagnetic field tensor. 

The covariant components of the electromagnetic 
tensor are explicitly expressed in terms of electric and 
magnetic field components as 



Fap = 2u[aEi3] + -qaPiSU^B^ , 



(5) 



where u°' is the four-velocity of observer, T\^ap] = 
\{Tap — Tpa) and rjap^s is the pseudo-tensorial expres- 
sion for the Levi-Civita symbol ea/SjS 



ds' 



-g 



(6) 



- {du + drf + dr^ + Sd6l2 
(r^ + a^) sin^ Od^p^ + 2a sin^ Odrdip 
+G{du - asin^ 0dip)^ 



with g EE dct\gap\ = -A^H'^r'^ sin^ 6. 
The general form of the second pair of Maxwell equa- 
tions is given by 



(1) 



F 



a/3 



47rJ" 



(7) 



where G = (2Mr - Q*)/S, S = H cos^ 6*, Q* is 
the is the bulk tidal charge, M is the mass of the star, 
parameter a is related to the angular momentum of 
the star. In this form the metric was p resented in the 
paper of lAliev fc Giimriikcuoglul (|2005() and obtained 
in assumption that the axisymmetric and stationary 
braneworld metric has the Kerr-Schild form and can 
be expressed in the form of its linear approximation 
around the flat metric ds^ = (ds^) .^^^ + H {l^dx^^)^ , 
where is a null, geodesic vector field in both the fiat 
and full metrics, and H is an arbitrary scalar function. 

Applying the Boyer-Lindquist transformation du = 
dt - {r^ + a'^)dr/A, dip ^ dcf) ~ adr/A with A = 
Q* and assuming parameter a to be 



where the four-current J" is a sum of convection and 
conduction currents 



j"Wa = , CrFapW^ 



(8) 



where a is the electrical conductivity and w°' is four- 
velocity of conducting medium as a whole. 

The four- velocity of the 'zero angular momentum ob- 
server ' (ZAMO) in the metric [2] looks like 

=A-i (^1,0,0, c^^ ; =a(^-1, 0,0,0^ . 

(9) 
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Using the main equations (|4]), ([7]) together with ([5]), 
dH) and (HI) one can obtain Maxweh equations for slowly 
rotating neutron star in the braneworld for the or- 
thonormal reference frame as 



sin6' r^B 



2 vr\ 



HrlsineB"] + HrS"^ , = (10) 



[rsiTiO) = A 



{Hr sin t 



dt 
dB^ 



E%- sm0E'>' 



-AHE\, + sine irAE'l' 



(Hr) 



dB'l' 



dt 

^{HCorsme)B\ , 

rAE^) +AHE% 
sme{Cbr^B^),,. + HCjr{smeB^ 



(11) 



(12) 



(13) 



and 



sine {r^E^) ^ + Hr (^sineE^ 
= AnHr^ sin 6*/ , 



HrE'^ 



A 



sineB'' 



-B" 



{Cjrsme)E^^ 



dE'' 



= (r sin 6) — h AirAr sin OJ"" 

at 



(14) 



(15) 



ARB'' 



aineir AB'* 



{H Cor sine) E\ 



{Hr sine) 



dE" 
~dt 



An AHr sine , (16) 



(^ArB^^ - AHB\g + sine{Qr^E^), 



-HCjr{sineE'^)^g = [Hr] 



dE't' 



-An AH r + AirHQr^ sine . (17) 



3 Stationary Solutions to Maxwell Equations 

We will look for stationary solutions of the Maxwell 
equation, i.e. for solutions in which we assume that the 
magnetic moment of the star does not vary in time as a 
result of the infinite conductivity of the stellar interior. 

3.1 A Special Monopolar Configuration for Magnetic 
Field of Slowly Rotating Star in Braneworld 

First we consider the following magnetic field configu- 
ration as a toy model 



B'' = B\r) ^ 



= 



(18) 



Although this form of magnetic field can not be con- 
sidered realistic, we will show that this toy model can 
be used to obtain the first estimates of the infiuence of 
brane tension on the electromagnetic field of the star. 
For this case, in the linear approximation in the Lense- 
Thirring frequency lu Maxwell equations (jlOp and (jl7|) 
reduce to 

{r^B')^^ = 0, i?S = 0. (19) 
The solution admitted by this equation is 



(20) 



where /x is the integration constant being responsible 
for the source of the monopolar magnetic field. 

For the chosen configuration of the magnetic field 
due to the infinite conductivity of the stellar matter 
one can easily find the electric field as 

£;V , E^ ^E^ ^0 . (21) 
Then, analytical solution of the Maxwell equation 



{rAE%,r - lisine{Cj),r = 
has the following form 

ji sm e , 



rA 



(22) 



(23) 



where C is the integration constant (see also lAbduiabbarov et.al.^ 
( 20081 ) for the case of slowly rotating NUT star). To 
find C we match ([23|l with the known inner solution 
for the electric field of the rotating star in the Newto- 
nian spacetime. For the star rotating with the angula r 
frequency we have (see RezzoUa fc Ahmedov ( 20041 )) 



Ei, 



VtrsineBl^ 
N 



(24) 



Remember now that the radial component of the 
magnetic field and tangential components of the elec- 
tric field are continuous at the surface of the star and 
obtain ([25)) as 



& Co — VL 

E'^ = :;-Usini 

rA 



(25) 



In the Fig. [T] radial dependence of monopolar 
E/Eq^o is shown for the several values of parame- 
ter q = Q* /M"^ (we assume compactness parameter 
e ~ M/R ~ 1/3). One can see when the star has 
monopolar magnetic field the electric field is noticeably 
diminished due to the presence of the brane tension. 
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3.2 Stationary Solutions to Maxwell Equations for 
Dipolar Magnetic Field of Slowly Rotating 
Magnetized Highly Conducting Star in 
Braneworld 

Now we look for solution of the Maxwell equations ([TU])- 
(|13p and ([T3])-([T7|) assuming the realistic configurations 
of the magnetic field of the star i.e. the dipolar one. 

We look for separable solutions of Maxwell equations 
in the form 

B'' (r, 6) = F{r) cos , (r, 9) = G{r) sin 9 , 

B^{r,9) = 0, (26) 

assuming that magnetic field of the star is dipolar and 
functions F{r) and G{r) will account for the relativistic 
corrections due to a curved background spacetime. 

Maxwell equations (fTU]) . P^ ~ p7)) with the ansatz 
(|26p. yield the following set of equations 



2HrG =^ , 



(27) 



[(1 + z)^ - 2e{l + + qe^{l + zf 



dz'^ 



+ [4(1 + zf - 6£(1 + zf + 2qe^{l + z) 
-2qe^F = . 



dz 
(31) 



Now one may consider the region just above the sur- 
face of the star, where z <^ 1, expand the coefficients 
standing before the derivatives into series and leave only 
terms of first order of z and get 



[i2qe^ - 6e + 4)z + {qe^ - 2e + 1)] 



d^F 
1^ 



[{2qe^ - 12e + 12)z + {2qe^ - &e + 4)] 
-2qe^F = . 



dF 
dz 
(32) 



Obtained equat ion is the particular case of equation 
(see lKamkd (Il959l )) 



[rAG). 



F = 



(28) 



The exterior solution for the magnetic field is sim- 
plified by the knowledge of explicit analytic expressions 
for the metric functions A and H . In particular, after 
defining A = R-^ = (1 - 2AI/r + Q*/r^f/^, the sys- 
tem ((771) - (P5)) can be written as a single, second-order 
ordinary differential equation for the unknown function 
F 



d_ 

dr 



2M 



dr 



(r'F) 



-2F ^0 



(29) 



The analytical solution of equation ((29)) exists in the 
literature when the pa r ameter Q* = (see, for example, 
RezzoUa et.all |2001al ). iRezzolla et.al.l |2001bl )'). In the 
case Q* ^ the equation is more complicated but it 
allows analytical solution under simplification near the 
surface of the star. First we rewrite equation ([29]) as 



1 - 



2M Q* 



-^4r 1 - 



d^F 
dr^ 
3M Q* 
'2^^ 2^ 



dF 
dr 



2Q' 



F = (30) 



{a2X + 62)/" + {a,x + b,)f' + {aox + bo)f - 0, 

|a2| + |&2|>0, (33) 

which in the case when 02 7^ with the help of substi- 
tutions f{x) = e^^rj{£), 02'^ = a2X + 62, where k is the 
root of the square equation 02/0^ + aifc + oq = may be 
rewritten in the following form 



a2^?/' 



(2sa2 + ai)^ 



0261 — 0162 
a2 



02 



02 



s 77 = . (34) 



In the case of our equation ([5^ oq = 0, so s = will 
be one of the roots of square equation. This will make 
the substitutions to be F{z) = ri[S), ^ = z -\- 62/02, 
where 



02 = {2qe^ - 66 + 4) , 
oi = {2qe^ - \2e + 12) 
bo = -2qe^ , 



62 - (ge' - 2e + 1) , 
5i = {2qe^ - 6e + 4) , 
(35) 



so equation 



may be rewritten as 



and introduce the new variable z so that r = R + 5 = 
i?(l + z), z = 6/ R. Using also compactness parameter 
e — M/R and introducing q = Q* /M"^ we get 



£,Tl" + (aC + b)i + (cC + d)ij = 



(36) 



6 



with 



and using variable z one can obtain it as 



6 = 



£ q — 6e + 6 
£2q - 3e + 2 ' 

^4^2 _ 4^3g _^ ^2(^5 + _ 6e + 2 



c = 



2(e2g-3e + 2)2 
d=-- 
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eg 



e2g - 3e + 2 



(37) 



Equation p6p belongs to type of degenerate hyper- 
geometric equ ation. Solution of this equation have the 
following sign (jKamkel (|l959l )) 



a 



(38) 



where the constants C'l and C'2 can be determined from 
the boundary conditions and definition 



l{l + l)...{l + n-l)x'^ 
^ m(m + 1)...(to + n — l)r 



(39) 



Turning back to F{z) from 77(^), one can get the 
radial eigenfunction of magnetic field outside the slowly 
rotating star in the braneworld as 



F(z) ^ (z + s)-^ 6-"'^'+'^ 

x \ Ci [a{z + s)]^ iFi[b- -,b,a{z + s) 



+C2[a{z + s)]' 



XiFi [1- -,2-b,aiz + s)\ ^ , (40) 



UP 



In 1 



z + e 



z + e 



z + e 



(43) 



where ^ is dipolar moment. 
Using conditions 



dFjz) 

dz q=0 



Fexact{z)\z=0 
dF^xacti^) I 

" d'z 



(44) 



and assuming e = 1/3 we numerically found Ci ~ 
0.28fi/M^, C2 « -0.25fi/M^. 

The function G{z) may be found through the relation 



G(r) 



'^A{r){r^F),r 



(45) 



F{z) and G{z) as functions of q are presented in the 
figures [2] and [H correspondingly. Functions are taken 
at the surface of the star and normed on its exact val- 
ues for the case Q* = 0. It is seen from the graphs 
that the value of the surface magnetic field is notice- 
ably modified due to the presence of brane tension Q* , 
especially the radial component of B. The radial com- 
ponent B^{R,6) increases with the growth of |g| while 
the angular component B^{R,9) decreases. It should 
be noted that the surface value of magnetic field is of 
great importance and has strong influence on condi- 
tions of emission generation and energy losses from the 
rotating magnetized star. 

3.3 Solution for Electric Field of Slowly Rotating 
Magnetized Highly Conducting Star in 
Braneworld 



where 



e'^q - 2£ -f 1 
2s^q -6£ + 4 



(41) 



The integration constants Ci and C'2 may be found 
with the help of exact solution for the case q = 0, whic h 
has the following form (see e.g. iRezzolla et.al.l (j2001a[) ) 



tir) 



4M3 



IniV^ 



2M 

r 



M 
1 + — 

r 



(42) 



The search of solution for the electric field is more com- 
plicated with compare to that for the magnetic field. 
To simplify our task we will use the ex act solution for 



magnet ic field, obtained in the work of IRezzolla et.al 
(|2001al) (for the case Q* =0), and, therefore, consider 



first order corrections by angular velocity and brane 
tension. With the help of exact expressions for the sta- 
tionary magnetic field external to a misaligned magne- 
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Fig. 1 Radial dependence of the ratio of electric field to 
that when q — for the several values o{ q — Q* /M"^: soUd 
line corresponds to q = —1, dashed to g = —3, dotted to 




Fig. 2 F{z)\z=o/ Fexact\:t^o as a function oi q = Q* jM^ 
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Fig. 3 G(z)|z=o/G'ej;act|z=o as a function oiq = Q* /M"^ 



tized relativistic star: 
3 



8" = 



2M 

r 



M 
1 + — 

r 



AAP 

X (cos X cos + sin x sin 6 cos A)/i 



4M' 



1 



X (cos X sin 6* — sin x cos 9 cos A)^ 
3A^ 



M 



1 



(sinxsin A)/i 



(46) 
(47) 

(48) 



one can obtain Maxwell equations for the electric field 
around misaligned star in the braneworld as 



(sin 6'£;^),e 



3a; r 



IniV^ 



2M 

r 



M 
1 + — 

r 



E^^ - sin 9 {rAE'f 



4A/3' 

sin X sin^ 9 sin A 
N 3a; 



(49) 



M 



IniV^ 



e: 



A 4M2 
sin X sin 9 cos 9 sin A , 
3w /A^ 



(50) 



2A/2 I A 



-1 M 



InTV^ 



iV_3w_ 
+ :4 4M^'' 



sin (cos 6* cos x + sin x cos A sin t 



+ 



3a) 

4M3' 



2Q'' 
3rM 



1 

7V2 



sin X cos A 



2rM J 



2M 
r 



1 + — 



X sin (cos 9 cos x + sin x cos A sin t 



ABuie{r^E'')^r + r{sm 9E'' 



rE^. 







(51) 
(52) 



The form of the external electromagnetic field 
around a misaligned rotating magne tized sphere was 
found in the paper of iDeutschI (|l955l) . Taking into ac- 
count these solutions we look for the simplest solutions 
for the equations (j^Hl) in the following form 



(/i + /3)cosx(3cos2 



1) 



+ (.9i +. 93)3 sin X cos A sin cos , (53) 
E^ — (/2 + fi) COS X sin 9 cos + (52 + 34) sin x cos A 

^ (.95 + .95) (cos^ 9 — siv? 9) sin x cos A , (54) 
-E"^ = [55 + 56 - (.92 + .94)] sin X cos 9 sin A , (55) 



8 



where the eigenfunctions /i — /4, gi — ge have the radial 
dependence only. Using Maxwell equations (|49)) one can 
find the following set of linear differential equations for 
these functions: 



M/2),.+6/i = , 



{rAU),r+6f3 



9(Dr 
4M3' 



3rM J 



(56) 
(57) 
(58) 



1 - 



Q- 

2rM 



n 2M f M 

\nN^ + I 1 + — 

r 



6u} 



( ^ 1 



AM 

A{r^gi)^r + 2rgz = , 
{rAh),r + 3.91 = , 
A{r'^g3.),r + 2rge = , 



— IniV^ + J- + 1 



M 



iV2 



3rM J 



= (59) 

(60) 
(61) 
(62) 



, , . „ 9u;r \^ 3rM 
(rA96),r + 353-^M^^ 



2rAI 



IniV^ 



2A/ 



N 



6w 



1 



M 
r 



M iV2 



1 



0(63) 



Combining properly these equations one can obtain 
the following differential equations of second order for 
unknown functions fi and as 



d 
dr 
d 
dr 



1 



2M Q* 



dr 



(r'h) 



dr 



6/i = 0, (64) 
6/3 (65) 



up' 



1 _ ML 

^ 3rM 



N 



6a) 

W V A 



Q' 

2rM 
1 



. 2M f M 

IniV^ + f 1 + — 

r 



1 



0(66) 



From the system of equations (|56p one can notice 
that functions / and g are connected with the following 
relations 



gi= h , 53 = /a 



/2 /4 



Functions 52 and 54 can be found directly from the 
system of Maxwell equations (|49l) , using ([53]) , as 



.92 = 



^4 = -f7-'^2 = 







2M ( 




MPcA 




3ujr 


In - 


2M / 




SA'PcA 





, (68) 
/i . (69) 



We are looking for numerical solutions of the second 
order ordinary differential equation (j64p with the help 
of the Runge-Kutta fifth order method. To do this we 
assume the solution to be asymptotically Newtonian, 
namely 



Newt 



(70) 



since in the r — > 00 limit Q* /r^ and M jr arc negligibly 
small and do not give any contribution to the magnetic 
field. As initial conditions to solve ODE we have taken 
the values of the Newtonian expression and its deriva- 
tion on a some large radii. With such a prescription, the 
equation is integrated inwards up to the surface of the 
relativistic star. Corresponding graphs are presented 
in the figure |4] for the different values of brane tension 
9 = Q*/M2. 

As it is seen from the figure, the modification of elec- 
tric field for the different values of q has the magnitude 
of the order of tens percents of the standard value for 
the case when 9 = 0. 

3.4 Astrophysical Consequences 

Assume that the oblique rotating magnetized star is 
observed as radio pulsar through magnetic dipole radi- 
ation. Then the luminosity of the relativistic star in the 
case of a purely dipolar radiation, and the power radi- 
ated in th e form of dipolar elect r omag netic radiation, 
is given by iRezzoUa fc Ahmedovl (|2004[ ) 



(71) 



where subscript R denotes the value at r = R. 

Considering slowly rotating magnetized neutron star 
in the braneworld model one can see that the general 
relativistic braneworld corrections emerging in expres- 
sion ((7T|) will be partly due to the magnetic field ampli- 
fication at the stellar surface and partly to the increase 
in the effective rotational angular velocity produced by 
the gravitational rcdshift as ft^ = fl/A^^ . 

The presence of a braneworld tension has the effect 
of enhancing the rate of energy loss through dipolar 
electromagnetic radiation by an amount which can be 
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easily estimated to be 



=0 



F, 



exact R 



Nr 
Ar 



(72) 



whose dependence from q is shown in Fig. ([5]) and which 
may reach significant values depending on the value of 
the brane tension parameter. 

Noting that the energy losses of the pulsar may be 
related with the frequency of its rotation and the deriva- 
tive of this frequency by time as 



(73) 



where / is the general rel ativistic moment of ine rtia of 
the star (see, for example iMorozova et.al.1 (j2008l )). 



2 • 2, 

x-^^ — pr sm 
N ^ 



(74) 



where p(r) is the total energy density, 7 is the deter- 
minant of the three metric of slowly rotating star and 
(P'K is the coordinate volume element, one may find the 
following relation for the time derivatives of rotation 
period of the pulsar 



9#0 



Prr. 



where 



J_Nr 
iq Ar 



Fn 



exactR 



A 



pr'^ sm ( 



(75) 



(76) 



and 7g is the determinant of the three metric of slowly 
rotating neutron star in the braneworld determined by 
equation 

Expression ()7ip could be used to investigate the ro- 
tational evolution of magnetized neutron stars with 
predominant dipolar magnetic field anchored in the 
crust which converting its rotational energy into elec- 
tromagnetic radiation. It should be also noted, that 
detailed investigation of general relativistic effects for 
Schwarzsch i ld sta rs has already been performed by 
Page et.al.1 (j200Cll ). who have paid special attention to 
the general relativistic corrections that need to be in- 
cluded for a correct modeling of the thermal evolution 
but also of the magnetic and rotational evolution. 



-2,x 10" ■ 




Fig. 4 The behavior of the radial electric field eigenfunc- 
tion /i for the different values of the brane tension (solid 
line corresponds to g = 0, dotted to q = —1, dashed to 
q = —2, dashdotted to q = —3). 




4 Conclusions 

In the present paper we considered modifications of 
electromagnetic field of a rotating magnetized neutron 
stars in the braneworld. We formulated Maxwell's 
equations for the case of slowly rotating magnetized 



Fig. 5 The ration 



as a function of g = Q* /M^ 
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compact star with non-zero brane tension and consid- 
ered the particular case of monopolar magnetic field. 
Despite this configuration may not be considered as re- 
alistic it helped us to sec the strong influence of brane 
tension on the electric field of the gravitating object. 
As the analytical solution is always more valuable for 
further calculations we attempted to find analytical so- 
lution for the dipolar magnetic field configuration. We 
have derived an approximate analytical expression for 
the magnetic field just near the surface of the star as 
a solution of II type hypergeometric equation. This re- 
gion of the magnetosphere is very important because 
exactly in this region the processes of plasma genera- 
tion responsible for the radio emission take place. 

We have got equations for the electric field of the 
slowly rotating magnetized neutron star on branes and 
solved one of them numerically for different values of 
brane tension. It is shown that the effect of brane 
tension on the electromagnetic field of the star is non- 
negligible (may have the order of tens percents of the 
initial value) and may help in future in testing the 
braneworld model. 

As an important application of the obtained results 
we have calculated energy losses of slowly rotating mag- 
netized neutron star in the braneworld and found that 
the star with non-zero brane parameter will lose more 
energy than typical rotating neutron star in general rel- 
ativity. The obtained dependence may be combined 
with the astrophysical data on pulsar period slowdowns 
and be useful in further investigations of the possible 
detection/estimation of the brane parameter. 
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